Attorney Docket No. 72523/7383 
GLASS PANEL 

Field of the Invention 

The present invention relates broadly to glass 
5 panels which comprise spaced-apart edge sealed glass 
sheets. The present invention will be described herein 
with reference to vacuum glazing, however, it will be 
appreciated that the present invention does have broader 
applications including, for example, in automobile 

10 windows, glass panel displays or solar collector panels. 
Background of the Invention 

Hermetic seals which are suitable for use in 
vacuum glazing typically involve the use of solder glass, 
which is also referred to as glass frit. The term 

15 "solder glass" refers to a glass which melts and softens 
at a lower temperature than the glass sheets of the 
glazing, but which has a coefficient of thermal expansion 
which closely matches that of the glass sheets. As such, 
a suitable solder glass will depend upon the glass used 

2 0 for the glass sheets of the vacuum glazing. A typical 
example of glass used for vacuum glazing is soda lime 
glass . 

The use of solder glass has the advantage that, 
unlike other solders such as metal solder, it is 
25 "compatible" with the glass sheets. For example, bonds 

between the solder glass and the glass sheets can be 
formed by inter-diffusion. At the same time, the solder 
glass is impermeable so that a low pressure within the 
internal volume of vacuum glazing can be maintained 
30 indefinitely for all practical purposes. 

To form an hermetic seal between two glass 
sheets of a vacuum glazing, solder glass, normally in the 



form of a viscous liquid paste containing solder glass 
powder, is provided around the edges of the glass sheets, 
which are positioned in a spaced apart relationship, e.g. 
by way of support pillars placed between the sheets. The 
entire structure is then heated to a temperature at which 
the solder glass melts and whilst in its molten state, 
flows by capillary action between the spaced apart sheets 
and diffuses into the atomic structure of the respective 
glass surfaces, forming a strong and leak free joint 
between them. 

Although the temperature at which the edge seal 
process occurs is less than that at which the glass 
sheets soften and melt, it is in general necessary for 
the temperature at which the sealing process occurs to be 
such that the glass sheets are quite close to the point 
at which softening and distortion occur. In other words 
the influence of the heating on the glass sheets cannot 
be ignored for all purposes . 

As an example, the temperatures necessary to 
form the seal with the process described above can result 
in a significant relaxation of internal stresses in the 
glass sheets. Treatment of the glass sheets at such 
temperatures for that purpose is commonly referred to as 
annealing. Although the annealing may result in the 
removal of unwanted stresses in the glass sheets for some 
applications, for other applications the removal of 
residual stresses during the formation of the solder 
glass seal is undesirable. As an example, it is often 
required that the glass in windows and doors should be 
tempered or heat strengthened. Tempered glass contains 
internal stresses which need to be retained to maintain 
the increased strength of the glass sheet. 

Since a significant stress relaxation in the 
glass sheets cannot be avoided during the forming of the 



hermetic edge seal made from solder glass as described 
above, it has up until now been impossible to manufacture 
vacuum glazing which incorporates an hermetic edge seal 
made from solder glass and which utilize (fully) heat 
strengthened glass. 
Summary of the Invention 

The present invention may be defined broadly as 
providing a method of constructing a glass panel which 
comprises two confronting edge sealed glass sheets. The 
method comprises the steps of providing a solder glass 
band around the margin of one surface of each glass 
sheet; forming, at a first temperature, an hermetic bond 
between the solder glass band and the associated surface 
of each glass sheet; positioning the glass sheets in 
spaced- apart confronting relationship; forming, at a 
second temperature which is lower than the first 
temperature, an hermetic seal between the two solder 
glass bands whilst maintaining the spaced apart 
relationship between the glass sheets, in a manner that 
substantially avoids annealing of either glass sheet. 

In one embodiment, the step of forming the 
hermetic seal between the solder glass bands comprises 
fusing together the two solder glass bands to form an 
hermetic bond directly between those bands. 

Alternatively, the step of forming the hermetic 
seal between the two solder glass bands comprises 
interposing solder glass between the two solder glass 
bands and fusing the solder glass with the two solder 
glass bands. 

The temperature and time for forming the 
hermetic bond between the solder glass band and at least 
one of the glass sheets is preferably selected such that 
tempering of the glass sheet will be effected. 



Support pillars may be used to maintain the 
glass sheets in the spaced apart relationship. 

The method does have an application in vacuum 
glazing, in which case the method further comprises the 

5 step of evacuating the hermetically sealed space between 
the two glass sheets. 

Preferably, the step of providing the marginal 
solder glass bands comprises depositing a liquid paste 
comprising solder glass powder onto the surfaces. 
10 The solder glass may alternatively be deposited 

using different techniques, including deposition by a 
«-| screen printing process or deposition as a pre-formed 

film or tape. 

Q During the forming of the hermetic seal between 

15 the two solder glass bands, a spacing between the glass 
,fn sheets may change compared to the situation when the 

glass sheets are positioned in the spaced-apart 
.V confronting relationship. 

The glass sheets may be flat or curved and may 
_ll 20 be of any circumferential shape. 

^" The present invention may also be defined in 

terms of a glass panel which comprises two confronting 
edge sealed glass sheets, in which the edge sealing is 
being effected by the above defined method. 

25 

Brief Description of the Drawings 

Preferred forms of the invention will now be 
described, by way of example only, with reference to the 
accompanying drawings , 
30 Figure 1 is a schematic drawing illustrating a 

method of forming a glass panel embodying the present 
invention. 

Figure 2 is a schematic drawing illustrating 
another method of forming a glass panel embodying the 
35 present invention. 



Detailed Description of the Preferred Embodiments 

We seek to manufacture a glass panel comprising 
two confronting edge sealed glass sheets. In Figure 1(a) 
liquid solder glass 10 is deposited as marginal bands on 
5 the surfaces of two glass sheets 12, 14. In Figure 1(b) 
the glass sheets 12, 14 are then tempered to establish 
the necessary stresses within the glass sheets 12, 14 for 
heat strengthening the same . During the tempering 
process, the solder glass 10 melts and forms an hermetic 

10 bond to the surface of the glass sheets 12, 14. This 
bond is achieved by interdif fusion of the atoms of the 
solder glass 10 and the glass sheets 12, 14, typically 
over a distance of approximately 0.1 vim. As the 
temperature is decreased at the end of the tempering 

15 process, the solder glass solidifies. 

The two tempered glass sheets are then assembled 
into a configuration illustrated in Figure 1(c), with the 
bands of solidified solder glass 10 being positioned on 
top of each other. In the configuration illustrated in 

20 Figure 1(c), an array of support pillars 16 has been 
provided on the bottom glass sheet 14 . The sum of the 
thicknesses of the two bands of solidified solder glass 
10 is slightly greater than the height of the support 
pillars 16. During a second heating process, the bands 

25 of solidified solder glass 10 are softened and melted 
sufficiently to form a hermetic seal between them. At 
the required temperature, the solder glass 10 softens 
sufficiently that it deforms, permitting the upper glass 
sheet 12 to move towards glass sheet 14 until it contacts 

30 the support pillars 16, as illustrated in Figure 1(d). 
After cooling down from the second heating process, a 
hermetic seal 18 exists between the edges of the glass 
sheets 12, 14 around their periphery. The second heating 
process occurs at a lower temperature, and for a shorter 



time, than is necessary to produce the hermetic bond 
between the solder glass 10 and the glass sheets 12, 14 
during the first heating process {Fig. 1(b)), with the 
temperature of the second heating process being 
5 sufficiently low to avoid a significant relaxation of the 
stresses within the glass sheets 12, 14 to maintain their 
heat -strengthened property. 

The bands of solidified solder glass 10 melt and 
fuse into a non-porous material during the second heating 

10 process, and fuse to each other at a lower temperature 
than that required for significant interdif fusion to 
occur between the atoms of the bands of solder glass 10 
and the glass sheets 12, 14. 

For glass sheets made from soda lime glass, the 

15 solder glass used would for example have a "conventional" 
specification of being fusible with soda lime glass at 
450 -480 °C for one hour, or at higher temperatures for a 
shorter time. The tempering process will be chosen to 
cover those specifications. However, the second heating 

20 process, i.e. the fusing of the bands of solder glass 10, 
can be performed at 440^0, preferably BSO^C for one hour, 
thereby avoiding a significant stress relaxation in the 
tempered glass sheets during the second heating process. 

Turning now to Figure 2 (a) , in an alternative 

25 embodiment marginal bands of solder glass 20, 2 2 are 

deposited on to glass sheets 24, 26, respectively, with 
the band of solder glass 22 on one of the sheets 2 6 being 
wider than the other. The glass sheet 2 6 is dimensioned 
to exceed a width of the glass sheet 24 at any point 

30 around the periphery of glass sheet 24. 

Both sheets 24, 26 are then tempered and during 
the tempering process, hermetic bonds are formed between 
the bands of solder glass 20, 22 and the glass sheets 24, 
26, respectively (see Figure 2(b)). 



The sheets 24, 26 are then assembled into a 
configuration as illustrated in Figure 2 (c) , with the 
bottom sheet 2 6 protruding the upper sheet 24 at any 
point around the circumference of glass sheet 24. In the 
configuration illustrated in Figure 2 (c) , an array of 
support pillars 28 is provided between the glass sheets 
24, 26 with a combined thickness of the bands of solder 
glass 20, 22 being slightly less than a height of the 
support pillars 28. 

Next, a further band of solder glass 30 in a 
liquid paste form is deposited around the periphery of 
the upper glass sheet 24, on top of the band of solder 
glass 22, as illustrated in Figure 2(d). 

The entire structure is then subjected to a 
second heating process during which the band of solder 
glass 30 is softened and melted to fuse both to itself to 
form an impermeable layer, and to each of the bands of 
solder glass 20, 22 (Figure 2(e)). This melting and 
fusing operation takes place at a substantially lower 
temperature, and over a shorter time, than is necessary 
to form a hermetic bond between the solder glass 20, 22 
and the glass sheets 24, 26 directly (Figure 2(b)). 

In this embodiment, the final separation of the 
glass sheets 24, 26 is "automatically" controlled to be 
equal to the height of the support pillars 16, without 
having to allow for sufficient deformation of the bands 
of the solder glass 10 to ensure "complete" lowering of 
the upper sheet 14 as described for the other embodiment 
(see Figure 1. It will be appreciated by a person 
skilled in the art that numerous variations and/or 
modifications may be made to the present invention as 
shown in the specific embodiments without departing from 
the spirit or scope of the invention as broadly 
described. The present embodiments are, therefore, to be 
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considered in all respects to be illustrative and not 
restrictive . 

For example, the further solder glass band used 
for forming an hermetic seal between the pre-deposited 
5 bands of solder glass on both glass sheets does not 

necessarily require one of the glass sheets to be larger 
than the other. Rather, the further solder glass band 
may be deposited "directly" on the peripher al side of 
equally dimensioned glass sheets in the area between the 
10 glass sheets. 

As another example, the further solder glass can 
be the same solder glass as used for the pre-deposited 
solder glass bands, or may be a different solder glass 
with different specifications. 



